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Acoustics in the
Worship Space IX Scott R. Riedel

Acoustics in the Worship Space I, II, 
III, IV, V, VI, VII, and VIII have ap-
peared in THE DIAPASON, May 1983, May 
1984, January 1986, May 1987, April 
1988, April 1990, July 1991, and May 
1992 respectively.

The Value of Good Acoustics
My over eighty-year-old grandmother 

once declared, “The new pastor at church 
is just no good!” The rest of the family 
was surprised by this statement to say the 
least; we all thought grandmother’s new 
pastor was quite a fi ne man, and a good 
preacher, too. So—we tactfully inquired 
of grandmother, “Just what don’t you like 
about him?” I’m not just sure what we 
imagined her answer would be, but we 
were again surprised by the response: 
“He’s no good because you can’t hear 
him!” The cause of my grandmother’s 
stated perception of the pastor may have 
been issues with aging, hearing aids, 
room acoustics, or sound system perfor-
mance—but no matter the cause, per-
ception was reality to my grandmother!

The value of good sound rendition in 
worship cannot be underestimated. Wor-
ship is a multi-sensory experience. It is 
expressed in sound through speech and 
music. It is expressed in sight through art, 
architecture, and image. It is expressed 
in touch through material texture and 
human interaction. And it is expressed 
through taste and smell in such means as 
bread, wine, fl ora and incense. The pri-
mary mode of communication in most 
worship contexts, however, is through 
the sense of sound. The sounds of wor-
ship are many and diverse. There is the 
speech of sermon, lessons, liturgy and 
prayers spoken by clergy, lay assistants, 
and the assembly—and spoken from al-

tar, pulpit, lectern, ambo, font, nave, bal-
cony, transept and pew. There is the tra-
ditional and contemporary music of choir, 
organ, percussion, woodwind, brass, and 
string—projected from chancel, balcony, 
transept, or stage. There is the essential 
participation in hymn and song by the as-
sembled congregation, projected to and 
heard from every corner of the room. 
There is the sound delivered by speak-
ers—reinforced speech or music, and 

the host of aural media forms. One only 
needs to imagine a worship experience 
lacking any sound communication in or-
der to contemplate the extreme impor-
tance of such sound communication!

Given the functional use, the com-
municative formats, and the artistic pos-
sibilities of sound in worship, what is the 
appropriate application of time, talent, 
and treasure to achieve good acoustics in 
the worship environment? The answer 
might be found in considering the defi ni-
tion of the word “good” in this context.

In terms of speech intelligibility, 
“good” can be scientifi cally determined: 
“Alcons”—the measure of speech clar-
ity, is defi ned as the Articulation Loss of 
Consonants. A “low” Alcon percentage 
(0–6%) is considered “excellent,” and in-
dicates that a listener “loses” only from 
0 to 6 of 100 words spoken. An Alcon 
percentage of 7–10% (indicating 7 to 10 
words “lost” out of 100) is “very good,” 
and an Alcon percentage of 10–12% is 
“satisfactory.” An Alcon percentage of 
13% is “marginal,” and greater than 14% 
is “unacceptable.” “Good” acoustics for 
speech, therefore, suggests a combi-
nation of architectural acoustic design 
and sound system components that can 
achieve a measurable 7–10% Alcons 
within a room.  

In the “old days” Alcons were mea-
sured by “live test subjects.” A group of 
“subject” persons were placed in a room, 
and a narrator read a list of words to 
them. The “subjects” noted what words 
they thought they heard on a survey 
sheet, and the answers were complied. 
The Alcons were determined by the 
percentage of right and wrong survey 
answers! Now: a computer generates a 
“sweep” of multi-frequency sound that 
is played through speakers into a room. 
The computer also receives this sound 
via microphones, analyzes/compares the 
sweep sound generated and received, 
and then computes the Alcons.

Scientifi c measure can be applied to 
other acoustical factors. Through empir-
ical testing, “good” and functionally ap-
propriate reverberation periods can be 
determined for worship. The reverbera-
tion period is the time (measured in sec-
onds) that a sound takes to drop 60 deci-
bels in intensity after the source ceases 
producing the sound—it is the length of 
time audible sound “lingers” in a space. 
Churches using liturgical worship styles 
that may include choral and organ music 
with chanting should be in the 2.0 to 3.0 
second reverberation time range, while 
churches using contemporary music 

styles should be in the 1.4 to 1.8 second 
range. Congregations using differing or 
“blended” styles within the same room 
might consider a system of altering the 
room’s reverberation period to meet 
their needs. The appropriate reverbera-
tion period will be an important factor in 
achieving speech and music clarity, mu-
sical blend, and reinforcing support for 
the singing congregation. “Good” rever-
beration times then can result from the 
design and balance of room size, shape, 
layout and proportion of sound refl ecting 
to absorbing interior fi nish materials.

In the “old days” an impulse sound was 
generated in a room (by a balloon burst 
or starter pistol shot, etc.), and that sound 
was recorded on a graphic chart recorder 
and sound recording. The reverberation 
time was measured off the graph record-
er and in time. Now: the same sweep 
sound as used for Alcon testing is gener-
ated and received by the computer, such 
that the computer can measure/compute 
the reverberation time period.

Through empirical testing, “good” and 
functionally appropriate background 
noise levels can also be determined for 
worship. In this context, “NC” (Noise 
Criteria) is the measure of the intensity 
of ambient background noise across the 
frequency range. In order to avoid mask-
ing or interrupting desired expressive 
speech and music, the allowable noise 
criteria for worship is typically NC 25–
30. “Good” and low ambient background 
noise levels can result from careful de-
sign, placement and attenuation of me-
chanical system and activity noise.

In the “old days” a decibel meter was 
set up and monitored to take in “back-
ground noise” data. Now: background 
noise is still measured by a multi-fre-
quency decibel meter.

There are a host of factors and individ-
ual circumstances to be taken into consid-
eration when designing or remodeling a 
worship space. The allocation of resourc-
es suffi cient to achieve at least a “good” 
acoustical setting for speech (Alcons), 
general sound quality (Reverberation 
Time), and noise control (NC) is essential, 
and can be the beginning of the path to a 
truly excellent sacred environment. ■

Scott R. Riedel is president of Scott R. 
Riedel & Associates, Ltd., an acoustical and 
organ consulting fi rm based in Milwaukee, 
Wisconsin.

Eric Wolfram, head acoustician/testing en-
gineer for Scott R. Riedel & Associates, Ltd., 
assembled the illustrations.
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We are pleased to announce
the completion of the first
phase of our organ project
with the Cathedral of Christ
the Light in time for the
Mass of Dedication held on
September 25, 2008.  The
remainder of the instrument
will be constructed in our

workshops over the
coming six months and
will be installed during
the late summer of
2009.  The completed
instrument will feature
four manuals, 75
independent stops
(excluding borrows), 90
ranks and 5,335 pipes.
The design of  the organ’s

twin façades was developed in collaboration with
the Cathedral’s architect, Craig Hartman of
Skidmore, Owings & Merrill, and will suggest a

natural forest with numerous wooden pipes.
We are honoured to have been selected by the Cathedral of  Christ the Light’s

Organ Committee to design and build this significant new pipe organ for
Oakland’s resonant new Cathedral.  For more information, visit our website at
the address below or the Cathedral’s website at www.ctlcathedral.org.
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Sound energy time curve, showing both reverberation time and an echo

Eric Wolfram conducting acoustical testing with computer, microphones, speakers, 
and sound-generating equipment
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